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Noble meta ls ,  when used as e l e c t r o c a t a l y s t s  f o r  oxygen r e d u c t i o n  i n  a l k a l i n e  
f u e l  c e l l s ,  s u f f e r  from t h e  d isadvantages o f  h i g h  cos t ,  s u s c e p t i b i l i t y  t o  
p o i s o n i n g  and s i n t e r i n g .  Carbons a c t i v a t e d  w i t h  macrocyc l i cs  have a t t r a c t e d  
i n c r e a s i n g  a t t e n t i o n  as a l t e r n a t i v e  e l e c t r o c a t a l y s t s  f o r  oxygen r e d u c t i o n .  
I n i t i a l  a c t i v i t y  of these c a t a l y s t s  i s  good, b u t  performance d e c l i n e s  
r a p i d l y .  P y r o l y z i n g  the  macrocyc l i c  on t h e  carbon suppor t  leads  t o  enhanced 
s t a b i  1 i t y  and the  c a t a l y s t s  r e t a i n  good a c t i v i t y .  
Desp i te  t h i s  p romis ing  method o f  t r e a t i n g  m a c r o c y c l i c - a c t i v a t e d  carbon 
c a t a l y s t s ,  t h e  performance decay i s  s t i l l  too l a r g e  t o  be accep tab le .  The 
approach desc r ibed  here i s  des igned to  develop b u l k  doped c a t a l y s t s  w i t h  
s i m i l a r  s t r u c t u r e s  to  py ro l yzed  macrocyc l i c  c a t a l y s t s .  
and coo rd ina ted  l i g a n d s  a re  d i spe rsed  th roughout  t h e  b u l k  o f  t h e  conduc t i ve  
carbon s k e l e t o n .  
The t r a n s i t i o n  meta l  
Two approaches t o  r e a l i z i n g  t h i s  concept a re  be ing  pursued,  b o t h  i n v o l v i n g  t h e  
dop ing  o f  carbon p recu rso rs .  I n  one approach, t h e  p r e c u r s o r  i s  a s o l i d  phase 
carbon-conta in ing  ion-exchange r e s i n .  The p recu rso r  i s  doped w i t h  a 
t r a n s i t i o n  meta l  and/or  n i t r o g e n ,  and t h e  r e s u l t i n g  m i x t u r e  i s  p y r o l y z e d .  I n  
the  o t h e r  approach, t h e  p recu rso r  i s  a gas-phase hydrocarbon.  Th is  i s  
i n t r o d u c e d  w i t h  a t r a n s i t i o n  meta l  spec ies and n i t r o g e n  species i n t o  a r e a c t o r  
and py ro l yzed .  Th is  paper w i l l  m a i n l y  d iscuss  work conducted u s i n g  t h e  s o l i d -  
phase p y r o l y s i s  approach. 
For t h e  so l id -phase p recu rso rs ,  ion-exchange r e s i n s  were  s e l e c t e d .  Weak a c i d  
cation-exchange r e s i n s  and c h e l a t i n g  r e s i n s  have been used. 
i n c l u d e d  Fe3+ (from FeC13>, Fe(bipy>$Oq and NH40H. 
temperatures have ranged from 700-900OC. 
Gas-phase p y r o l y s i s  i s  c a r r i e d  o u t  i n  a tube fu rnace .  The gas-phase p r e c u r s o r ,  
ammonia ( t h e  n i t r o g e n  source) ,  and t h e  i r o n - c o n t a i n i n g  o r g a n o m e t a l l i c  a r e  
i n t r o d u c e d  i n t o  the  r e a c t o r .  The heated zone o f  t h e  fu rnace  i s  ma in ta ined  a t  
a tempera ture  o f  1000°C. 
Dopants have 
T y p i c a l  p y r o l y s i s  
E lec t rochemica l  t e s t s  a r e  per formed u s i n g  the  f l o a t i n g  e l e c t r o d e  techn ique .  
The e l e c t r o d e s  a re  t e s t e d  a t  8OoC i n  7M KOH. 
Severa l  s t u d i e s  have been conducted t o  determine i f  t h e r e  i s  a s y n e r g i s t i c  
e f f e c t  between t h e  t r a n s i t i o n  meta l  and n i t r o g e n  and t h e  e f f e c t  o f  d i f f e r e n t  
methods of  i n t r o d u c i n g  t h e  M-N c o o r d i n a t i o n  on per formance.  
One approach was to  i n t r o d u c e  t h e  meta l  and n i t r o g e n  separa te l y ,  for example, 
by s e q u e n t i a l l y  doping FeC13 and NH40H i n t o  t h e  r e s i n .  
p repared from an undoped ion-exchange r e s i n ,  a r e s i n  doped o n l y  w i t h  N,  a 
r e s i n  doped o n l y  w i t h  Fe, and a r e s i n  doped w i t h  b o t h  Fe and N. I n t r o d u c t i o n  
of n i t r o g e n  a lone has no b e n e f i c i a l  e f f e c t  on t h e  performance o f  t h e  
c a t a l y s t s .  The i n t r o d u c t i o n  o f  t h e  Fe a lone s i g n i f i c a n t l y  improves t h e  
performance i n  b o t h  t h e  h i g h  and low c u r r e n t  d e n s i t y  r e g i o n s .  When b o t h  Fe 




and N are introduced, the performance at lower current densities ("catalytic 
activity") is increased beyond that of the Fe-doped carbon, but the 
performance at higher current densities is similar to the carbon containing 
only Fe. 
Catalysts prepared from resi ns-Fe(bi py)3SO4 precursors have performance that 
is only slightly less then CoTMPP adsorbed and pyrolyzed on Vulcan XC-72. 
Their performance is much better than carbons which have had the N and Fe 
introduced separately. 
4 
This work is being supported by the U . S .  Department of Energy under Contract 
NO. DE-AC02-87ER80500.MOOl. 
26 
